Introduction
Pancreatic adenocarcinoma (PAC) is one of the most lethal malignancies and is estimated to cause more than 45,750 deaths in the United States in 2019 [1] . Due to the lack of particularly high-risk factors or early detection tests, more than 40% of patients are diagnosed with locoregionally advanced (stage III/IV) disease when present, resulting in a median survival of 6 to 11 months [2, 3] . As the survival rates vary considerably among patients with LAPAC, there is an urgent need to identify new markers that can help predict patient survival to tailor future treatments and predict the prognosis for LAPAC patients [4] .
For malignant tumour, traditional prognostic factors are mainly clinical-pathological features such as performance status, histological grade, serum biomarkers, systemic inflammation and nutritional status, and TNM staging, which are frequently evaluated by contrast-enhanced computed tomography (CECT) and/or magnetic resonance (MR) imaging [5, 6] . In PAC, CECT and its imaging reconstruction are widely used in the diagnosis, treatment planning, and preoperative assessment of surgical resectability [7] . Tumour hypoxia and inadequate vascularization are well-established biological phenomena that are linked to poor patient outcomes. Overexpression of hypoxia-inducible factor 1α (HIF-1α), an endogenous marker of hypoxia, is significantly associated with poor prognosis in PAC [8] . However, most LAPAC patients have unresectable disease and have not undergone surgical resection, making it difficult to obtain histological specimen to assess HIF-1α expression. Although a small amount of pathological tissue can be obtained by biopsy, the expression of HIF-1α cannot accurately reflect the hypoxic state of the tumour due to the heterogeneity of the tumour. Studies have shown that HIF-1α is negatively correlated with microvessel density (MVD) [9, 10] . In addition, the degree of CECT contrast enhancement is related to the MVD count in the PAC and the degree of tumour malignancy [9] . erefore, we hypothesize that the degree of enhancement achieved by CECTmay reflect the prognosis of advanced pancreatic cancer to some extent. In accordance with the Reporting Recommendations for Tumour Marker Prognostic Studies (RE-MARK) [11] , this present study aims to evaluate the utility of CECT in predicting prognosis in LAPAC patients, to explore whether CECT parameters can synergistically predict prognosis with clinical indicators through the Cox proportional hazard regression models and the nomogram model.
Materials and Methods

Patients.
We retrospectively reviewed the medical records of 907 patients with pancreatic lesion admitted in our institute from 1 June 2013 to 31 May 2017. Among this population, the selection criteria for data extraction were as follows: (1) patients who had pathologically proven pancreatic adenocarcinoma; (2) adequate quality of the abdominal contrast-enhanced computed tomography (CT) scan; (3) no history of malignancies of other origin; (4) the availability of laboratory examinations; (5) follow-up for more than three months after the initial diagnosis. e exclusion criteria included patients with neuroendocrine carcinoma of the pancreas, ampulla Vater cancer, or distal common bile duct cancer and patients with a previous history of treatment for PAC. We identified a total of 188 patients and extracted related medical records and data. We further excluded 102 patients among the identified patients due to either the absence of pretreatment CECT scans performed in our institute or absence of multiphase contrast scan. Finally, 86 patients with LAPAC, who all experienced gemcitabine-based chemotherapy, were screened out for analysis. Inclusion details are shown in Figure 1. 
Imaging Analysis.
All CECT images were obtained with multidetector CT scanners (Sensation 64, Siemens Medical System), obtained at 120 kV and 200 mA with collimation of 1 mm and 3 mm reconstruction thickness. Plain and multiphase contrast images were obtained following general clinical settings. Contrast images were acquired in the arterial phase and the venous phase. e delay time for the contrast-enhanced CT images was 35-40 seconds for the arterial phase and 65-70 seconds for the venous phase after the intravenous injection of 80-100 mL Iohexol (Omnipaque 300; General Electric) at a rate of 3 mL/s. CECT parameters including tumour location, tumour volume (TV), peripancreatic involvement (PPI), blood vessel involvement (BVI), tumour enhanced rate (TER), peritumoural pancreatic parenchyma enhanced rate (PER), and the presence of liver metastasis were evaluated by two radiologists independently. e TV was calculated based on an imaging reconstruction tool (GE AW SERVER 2.0). e contrastenhanced CT value of tumour and nontumoural pancreatic tissue was measured at the venous phase.
e region of interest (ROI) was defined in the solid portion of the mass and pancreatic parenchyma and bypassed peripheral fat, artefacts, necrosis, cystic necrosis/cystic components, and blood vessels and pancreatic ducts. ROI with an area of approximately 50 mm 2 was delineated, respectively, in three different solid slices for each tumour and peritumoural pancreatic tissue, and then, three CT values were achieved to compute the mean CT value. TER was computed as equation (1) . PER was computed as equation (2) 
PER � venous phase enhanced CT value of pancreas − plain CT value of pancreas plain CT value of pancreas .
Figures 2 and 3 illustrate the acquisition methods of ROI and TV, respectively.
Statistical Analysis.
Continuous variables were analysed nonparametrically using the Mann-Whitney U test. e categorical variables were analysed by the chi-squared test or Student's t-test, where appropriate. Based on the 75 th percentile of TER, patients with LAPAC were divided into a relatively abundant blood supply group (TER ≥ 80.465%) and a relatively poor blood supply group (TER < 80.465%). A receiver operating characteristic (ROC) curve was calculated to determine the optimal cutoff value for the TV based on the six-month survival rate. Univariate prognostic factor analysis was performed using the Cox proportional hazard model to estimate the hazard ratio (HR) and 95% confidence interval (CI). Factors associated with survival in the univariate analysis entered into a final multivariate survival analysis with a stepwise Cox regression model for identifying independent prognostic factors. Based on multivariate analyses, nomograms were generated to provide visualized risk prediction using the survival. Discrimination between survival probability and actual observations was evaluated using the C-index. Statistical analyses were performed using SPSS 21.0 (SPSS, Chicago, IL, USA) or the package of rms in R software version 2.15.2 (R Development Core Team; http:// www.r-project.org). Values of p less than 0.05 were considered statistically significant, and all tests were two-sided.
Results
Patient Characteristics.
Patient baseline characteristics and CT imaging parameters of the 86 treatment naïve patients are shown in Table 1 .
e mean patient age was 
Correlation of Tumour Enhanced Rate with Clinical
Stages. We further evaluated the correlation between TER and the clinical stages of pancreatic cancer. TER is different among clinical stages, and Pearson correlation analysis suggested that clinical stages were negatively correlated with TER (r � − 0.470, p < 0.001). e chi-squared test showed a statistically significant difference in staging of patients with different TERs (p < 0.001). e more advanced tumour clinical stage was mainly distributed in the TER < 80.465 group. ese results suggest that TER is associated with the clinical stages in pancreatic cancer.
Risk Factor for Poor
Prognosis. Data on sex, age, BMI, a family history of malignancies, tumour location, clinical stages, serum Ca19-9, the presence of pancreatic duct dilation (PDD), bile duct dilation (BDD), liver metastasis, TV, and TER were collected. Univariate analysis indicates that more advanced clinical stages (p < 0.001), presence of PPI (p < 0.05), presence of liver metastases (p < 0.001), TER lower than 80.465% (p < 0.001), TV higher than 24,062.25 (mm 3 ) (p < 0.001), and Ca19-9 ≥1000 (IU/mL) (p < 0.001) significantly predict a poor prognosis, as shown in Table 2 . Multivariable analysis indicates that more advanced clinical stages and Ca19-9 ≥1000 (IU/mL) are significant factors for poor prognosis (p value <0.001 and <0.005, respectively), as shown in Table 3 , while TER ≥ 80.465% (p < 0.001) is a significant factor for favourable prognoses. TER ≥ 80.465% group enjoys survival benefit (median OS � 13.80 ± 5.71 months) over TER < 80.465% group (median OS � 5.60 ± 3.36 months) (p < 0.001). TER significantly predicts OS in both univariate and multivariate analyses (p < 0.001).
e predicting model for poor prognosis in patients with LAPAC is as follows:
+ 2.375 * clinical stages -3.587 * TER).
Development of Prognostic Nomogram for Overall Survival and the Evaluation of the Calibration Curve.
e univariate and multivariate Cox regression models with a stepwise selection procedure identified the following variables: Ca19-9, the presence of PPI, TER, tumour volume, and the presence of liver metastasis. e individual variable was assigned a score, and the total score for all variables on the total point scale, the 0.5-year, 1.0-year, and 1.5-year survival probabilities, as well as median survival time, was determined by drawing a vertical line from the total score (Figures 4 and 5 ). e calibration curve and C-index were used to assess the discrimination ability of the nomogram, and the C-index for the overall survival prediction was 0.613 suggesting a good agreement between the nomogram predictions and actual 1.0-and 1.5-year survival rates (Figure 6 ).
Discussion
PAC is the fourth leading cause of cancer-related death and has an overall 5-year survival rate of <5% due to the high risk of recurrence, metastasis, and the relative chemoresistance [3] . Surgical resection is the only curative treatment option, but >80% of patients are diagnosed at inoperable clinical stages. Identifying patients at high risk of poor survival would play an important role in making projects of palliative therapy. For patients predicted with a poor prognosis, providing more palliative care may provide survival benefits, and for those predicted with better prognosis, appropriately reduced palliative treatment may be considered to restrain adverse reactions. In the present study, we developed a semiquantitative assessment of CECT parameters combined with some clinical features to predict survival in patients with LAPAC. We found that TER, the presence of PPI, TV, the presence of liver metastasis, and elevated Ca19-9 are independent prognostic factors for OS in patients with LAPAC.
In our study, a low TER was significantly associated with short survival, which is consistent with the study of Wang et al. [9] . Another previous study also assessed PAC by contrast-enhanced ultrasonography and found that low tumour vascularity predicts poor prognosis in treatment naïve LAPAC patients (p < 0.001) [12] . Low MVD and the overexpression of the vascular endothelial growth factors (VEGF) are associated with hypoxia, which can predict a poor prognosis of PAC [8] . In addition, high blood perfusion of PAC may be correlated with the well differentiation of tumours [13, 14] . Wang et al. also found that the degree of CT enhancement was negatively correlated with the pathological grade of PAC [9] . Furthermore, the initial treatment of patients in our study was gemcitabine-based chemotherapy. High TER indicates a relatively higher vascularity and abundant tumour blood supply, which may facilitate drug delivery and distribution to the tumour tissue, resulting in the better therapeutic outcomes of gemcitabine-based chemotherapy. e above findings can be approached with our cautious results.
Recent studies have also reported that hypoxic microenvironment plays a critical role in the acquired chemoresistance of pancreatic cancer cells [15, 16] . Under the hypoxic condition, PAC cells are more resistant to gemcitabine-induced apoptosis than under the normoxic condition [15] , and silencing HIF-1α of the human pancreatic cancer cell can reverse the chemotherapy drug resistance [16] . Moreover, gemcitabine promoted pancreatic cancer cell stemness, and the ubiquitous hypoxic niche accounted for drug resistance and associated with malignant phenotypes Bolded text indicates a statistically significant difference with a p value less than 0.05. BMI, body mass index; PPI, peripancreatic involvement; BVI, blood vessel involvement; PDD, pancreatic duct dilation; BDD, bile duct dilation; TER, tumour enhanced rate; Ca19-9, carbohydrate antigen 19-9; CI, confidence interval. such as enhanced migration, invasion, and metastasis [17] . erefore, it is possible that low TER, which may reflect low microvascular supply and a more hypoxic tumour microenvironment, may result in chemoresistance and a poor prognosis in patients with locally advanced pancreatic carcinoma undergoing systemic chemotherapy. However, it is unclear of concrete mechanism that low vascularity in tumours is associated with chemoresistance and poor prognosis. Further experimental and clinical studies are needed to conclude the significance of pretreatment tumour vascularity in patients with pancreatic cancer.
In contrast, another study showed tumour vascularity assessed by contrast-enhanced ultrasonography before treatment did not correlate with progression-free survival nor with overall survival [18] .
e discrepancy may be due to the method of assessment of whether the whole or partial tumour was examined, as some studies have shown that the difference among intratumour microvessel and peripheral microvessel density may result in the vascular heterogeneity of pancreatic cancer [19] . Further, the patients' demography may also contribute to the variance among the assessment of the correlation between the tumour vascularity and the prognosis. In our study, univariate Cox regression analysis found that the presence of PPI, Ca19-9, TER, TV, clinical stages, and the presence of liver metastasis are statistically significant prognostic factors. However, TV and the presence of liver metastasis did not retain prognostic roles in further multivariate Cox regression. ese may result from our interpretation that clinical staging is based on TNM staging, which is a combination of tumour size, the presence of local invasion, local lymph node status, and distant metastasis. ere is a strong correlation between TV and liver metastasis and clinical stages.
erefore, TV and the presence of liver metastasis are not independent prognostic factors. is may provide an explanation to the difference in statistically significant prognostic factors between univariate and multivariate analyses.
A nomogram can integrate several risk factors and provides a more individualized prediction of prognosis and risk assessment for each patient. Compared with the conventional staging system, a nomogram model increased prediction accuracy in some neoplasms such as urothelial carcinoma, intrahepatic cholangiocarcinoma, and breast cancer [20] [21] [22] . Our final nomogram integrated five parameters, including serum Ca19-9, the presence of PPI, TER, tumour volume, and the presence of liver metastasis, while among them, four of the five parameters can be obtained from CECT findings. To some degree, our results are similar to previous studies [23] [24] [25] . Our model shows a high consistency with daily clinical practice where serum Ca19-9 is used for screening the disease and CECT examination for the identification of the resectability of pancreatic cancer. Moreover, our nomogram demonstrated a high discriminatory ability with a C-index of 0.763 with the actual observation. In subsequent studies, it will be of value to assess the clinical utility and the prediction precision of the nomogram.
However, in the present study, as with most retrospective studies, our study has a limitation. Further, the absolute number of total subjects studied is relatively small in this study, and the nomogram was constructed without a division for a validation cohort. We, therefore, analysed the C-index of the constructed nomogram and the calibration curve fit at the different time periods of prediction well between nomogram prediction and the actual observation. Moreover, our measurement of TER reflected a relative change of CT value in plain CT and enhanced venous phase instead of an absolute perfusion parameter. is problem can be solved by drawing a time-contrast dose curve by repeated sequential scans of each tumour slice followed by calculating the area under the curve. However, further studies on providing an absolute tumour perfusion parameter may be limited as obtaining this parameter will require a high radiation dose by scanning each one of the CT slices. Dynamic contrasted enhancement MR will address this problem and can provide more perfusion parameters so that further research studies can begin with this respect.
us, the findings of this study must be interpreted with caution.
Conclusions
Taken together, our results indicate that tumour enhanced rate on CECT demonstrated prognostic significance in univariate analysis and maintained its significant roles in multivariable analysis. Our results suggest that pretreatment CECT scans can be used to predict survival in advance pancreatic cancer.
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